The discovery of oceanic black (and white) smokers revolutionized our understanding of mid-ocean ridges and led to the recognition of new organisms and ecosystems. Continental smokers, defined here to include a broad range of carbonic springs, hot springs, and fumaroles that vent mantle-derived fluids in continental settings, exhibit many of the same processes of heat and mass transfer and ecosystem niche differentiation. Helium isotope ( 3 He/ 4 He) analyses indicate that widespread mantle degassing is taking place in the western U.S.A., and that variations in mantle helium values correlate best with low seismic-velocity domains in the mantle and lateral contrasts in mantle velocity rather than crustal parameters such as GPS, proximity to volcanoes, crustal velocity, or composition. Microbial community analyses indicate that these springs can host novel microorganisms. A targeted analysis of four springs in New Mexico yield the first published occurrence of chemolithoautotrophic Zetaproteobacteria in a continental setting. These observations lead to two linked hypotheses: that mantle-derived volatiles transit through conduits in extending continental lithosphere preferentially above and at the edges of mantle low velocity domains. High CO 2 and other constituents ultimately derived from mantle volatiles drive water-rock interactions and heterogeneous fluid mixing that help structure diverse and distinctive microbial communities.
Introduction
Black and white smokers in oceanic settings are well-established as strongly coupled systems of mantle degassing, hydrologic mixing, and distinctive biologic communities (Lowell et al., 2008) . Geochemical analyses of geothermal and carbonic springs across the western U.S.A. reveal high 3 He/ 4 He ratios indicating pervasive degassing of mantle volatiles also occurs in continental extensional regions (Welhan et al., 1988; Newell et al., 2005) . Mi-crobial community analyses of continental springs indicate a role for mantle-derived fluids in structuring microbial diversity within them (Colman et al., 2014) . However, such springs with mantle constituents have not yet been considered as systems with coupled processes directly analogous to oceanic smokers. This paper shows that mantle-derived gases in springs correlate spatially with geophysical signals of partial melts in the underlying mantle, and that some of these springs that are rich with mantle-derived volatiles host organisms similar to chemolithoautotrophic organisms that are largely associated with low-temperature marine vent ecosystems. Based on strong similarity to coupled tectonic, hydrologic and biotic systems in oceans, we define continental smokers as carbonic springs, hot springs, and fumaroles that vent mantle-derived fluids in continental extensional settings. Mantle volatiles degas through conduits and vents in both oceanic and continental extensional settings. In oceanic settings, upwelling of melts derived from geochemically depleted astheno-spheric mantle produces mid-ocean ridge basalt (MORB), builds new oceanic lithosphere, and helps drive plate tectonics. Upward transfer of volatiles (e.g. H 2 O, CO 2 , H 2 , He, CH 4 ) accompanies upward transfer of magma through thin oceanic lithosphere with profound hydrochemical and diagenetic effects on oceans. Seismic and magmatic activity, concentrated at ridge crests, facilitates episodic degassing into the oceans. The transport of volatiles is locally focused into gas vents and hot springs emanations (smokers) that take on unique compositions driven by differences in local hydrochemical settings including sulfide-rich black smokers and carbonate-rich white smokers.
Continental extensional environments have many similarities to oceanic ridges but both the structural expression of extension and the associated melt and volatile transfer between asthenosphere and lithosphere are more diffuse and varied due to the greater thickness and heterogeneity of continental crust, and variations in the composition of crustal fluids (e.g. Chiodini et al., 2004; Karlstrom et al., 2013) . The conduit systems, transit times, and drivers for transfer of melts and volatiles through continental lithosphere are less well understood. In this paper we use the term continental smokers to include not only volcanic fumaroles and hot springs, but also a wide range of cool to hot carbonic travertine-depositing springs. These carbonic springs are locations of heterogeneous mixing between endogenic (deeply derived) fluids, groundwater, and surface water systems (Crossey et al., 2006 (Crossey et al., , 2009 . Similar mantle inputs and mixing and fractionation of fluids and volatiles also take place in continental gas fields (Poreda et al., 1986; Gilfillan et al., 2008 Gilfillan et al., , 2009 .
Oceanic smokers have fundamentally advanced our understanding of Earth's biosphere, life in extreme environments, and connections to early Earth (Baross and Hoffman, 1985; Nakagawa and Takai, 2008) . Similarly, microbial research in Yellowstone geothermal systems has revealed a diverse, yet phylogenetically distinct, terrestrial thermophilic biota leading to extraordinary insights into microbial diversity and biogeography, biogeochemistry, and the evolution of life (e.g. Barns et al., 1994; Hugenholtz et al., 1998; Reysenbach and Shock, 2002; Whitaker et al., 2003; Shock et al., 2010; Inskeep et al., 2013) . Recent research in low-temperature, alkaline, serpentinite-hosted continental systems has indicated that underexplored continental systems hold great promise for understanding the interaction of deeply derived fluids, rich in reduced substrates (e.g. H 2 ), and the microbial communities associated with them (Suzuki et al., 2013; Crespo-Medina et al., 2014; MeyerDombard et al., 2015; Morrill et al., 2014) . Moreover, microbial phylogenetic analysis of 28 of the carbonic springs described here (Table S1 ) suggested that some of the springs with highest deepfluid input contain organisms closely related to chemolithoautotrophs present at marine vent sites and iron-oxidizing biofilms (Colman et al., 2014) . Thus, microbiological studies from a wider range of lower-temperature terrestrial springs of the type presented here have rich potential to expand our understanding of subsurface geobiological processes and a fuller spectrum of microbial biodiversity.
Research into transport of mantle volatiles including CO 2 to the surface through continental smokers has been underway for some time (e.g., Matthews et al., 1987; Greisshaber et al., 1992; Hilton, 1996) , but understanding fluid conduits, the influence of endogenic fluids on near-surface water quality (Earman et al., 2008) and microbial diversity are less well developed. We compile hydrochemical data from springs across the tectonically active western U.S.A., from the western margin of the North American tectonic plate to the Great Plains stable continental interior. To understand fluid conduits better, we seek to quantify and understand the relationships of 3 He/ 4 He values observed in near-surface hydrologic systems to possible controlling factors such as mantle seismic velocity structure (Schmandt and Humphreys, 2010) , contemporary crustal stain rate (Kennedy and van Soest, 2007) , proximity to Quaternary volcanoes, and lithology of the crust as inferred from ν P /ν S seismic velocity ratios (Lowry and Gussinve, 2011) . The noble gases have widespread utility as geochemical tracers (Porcelli et al., 2002) (Graham, 2002) . These observations suggest that primordial helium (enriched in 3 He) has been retained by the mantle throughout Earth history, making it a unique tracer of juvenile volatiles (Clarke et al., 1969) . In stark contrast, ancient continental cratons are characterized by low 3 He/ 4 He ratios (0.02R A ) indicating that mantle keels insulate cratonic crust from asthenospheric volatiles, so radiogenic 4 He accumulates in crustal rocks and fluids over long periods (Andrews, 1985) . Helium isotope values >0.1R A in fluids found in continental settings -assuming correction for the presence of any air-derived He, are considered to provide unambiguous evidence for a mantle He input and hence this tracer is valuable for evaluating the influence of endogenic inputs to the hydrochemistry and microbiology of fluids.
Methods

Mantle tomography methods
Body-wave tomography models (Schmandt and Humphreys, 2010) and surface wave tomography models (Shen et al., 2013; Yuan and Romanowicz, 2010) He values plotted at the midpoint of the associated bins. The effect of varied bin sizes on the regressions was examined along with the exclusion of bins with less than a critical number of data points ("#bin" in the wedge-plots). These sensitivity tests showed that the slope of the regressed line was not strongly controlled by choice of bin size and minimum number of points in a bin in the cases of the regressions of 3 He/ 4 He value with ν P , ν S , dν P .
Strain/GPS map methods
A GPS-derived estimate of the second invariant of crustal strain rate in southwestern U.S. was used to assess the importance of regional-scale contemporary crustal strain (Kreemer et al., 2012) . Farther into the continental interior strain rates are near or below the limits of detection with existing GPS constraints (Berglund et al., 2012) , so our analysis of the correlation between 3 He/ 4 He value and crustal strain rate was spatially limited to the southwestern U.S.A.
ν P /ν S Imaging methods
Bulk crustal averages of v P /v S were derived from joint inversion of crustal receiver functions and gravity data (Lowry and Gussinve, 2011) . Stacks of receiver function amplitudes sampled in crustal thickness and v P /v S velocity ratio parameter space at each USArray seismic site were modified by likelihood functions derived via optimal interpolation from surrounding sites and gravity modeling. The resulting likelihood-filtered amplitude stacks were used to revise parameter estimates at that site. Parameters were updated at all USArray sites over the course of approximately thirty iterations.
Molecular microbiological methods
454 pyrosequencing was performed on planktonic community DNA extracted from four springs in the Tierra Amarilla spring group of northern New Mexico (Table S1 ). Planktonic communities were collected by filtering ∼1 L of spring water with a 0.22 μm Sterivex filter (Millipore, Bedford, MA) and DNA was extracted as described by Colman et al. (2014) . 454 pyrosequencing was performed at Research and Testing Laboratories (Lubbock, TX) using universal bacterial PCR primers, quality-filtering steps, and analytical steps described elsewhere (Van Horn et al., 2014) . Briefly, 454 pyrosequence-generated 16S rRNA gene reads were clustered into operational taxonomic units (OTUs, defined at the 97% similarity level) and representative sequences for each OTU were compared against the Greengenes reference database to assign taxonomy. Further phylogenetic analysis of surface and subsurface samples at Twin Mound East Spring was conducted using nearly full-length bacterial 16S rRNA gene sequences generated with universal bacterial PCR primers as described in Northup et al. (2010) , and sequenced in both directions at the Washington University Genome Sequencing Facility. Sequences were edited and assembled into contigs using Sequencher (v.4.8, Gene Codes, Ann Arbor, Michigan). The 16S rRNA gene sequences were chimera screened and phylogenetically analyzed as in Colman et al. (2015) and a maximum likelihood tree was constructed for the Proteobacteria representatives from both samples using the GTR + G + I DNA substitution model.
Water chemistry methods
Geochemical analyses were conducted and compiled for volatiles and water chemistry in carbonic and geothermal springs and groundwaters across the western U.S.A. This set of springs and groundwaters includes hot springs and hydrothermal fields, cool travertine-depositing springs, gas fields, and diffuse emanations into groundwater (Table S1 ). Noble gas data, especially 3 He/ 4 He data, provide unequivocal evidence for the presence of mantle gases in the near-surface hydrologic system if air-corrected 3 He/ 4 He ratios are >0.1R A (>1.3% of MORB; Ballentine et al., 2002) . Carbon content of springs was analyzed in terms of total dissolved inorganic carbon (DIC = HCO 3 + H 2 CO 3 as modeled using U.S.G.S. code Phreec C). (Craig et al., 1978; Chiodini et al., 2012) consistent with a plume origin for the Yellowstone hotspot (Craig et al., 1978; Schmandt et al., 2012) . As shown in Fig. 1 and (Fig. 1) , a value considered to represent an unambiguous mantle He input to 500-700 • C thermal contrasts if their origin is assumed to be sub-solidus thermal variations (Cammarano et al., 2003) . However, since a melt phase is likely present (Schmandt and Humphreys, 2010) , thermal contrasts are less and we interpret the regions of high velocity gradient to be conduits for melt and volatile transfer from the mantle to the crust (Crow et al., 2011 ). An inverse correlation with lithospheric thickness (Yuan and Romanowicz, 2010 ) is fairly good (R 2 = 0.7; Fig. S4 (Kennedy and van Soest, 2007) . In this model, a higher crustal strain rate was envisioned to facilitate upward volatile transport through a relatively impermeable lower crustal ductile layer, which was viewed previously as a barrier to mantle inputs. Correlations are good in parts of the Basin and Range (R 2 = 0.7; Fig. S5 ). However, the relationship breaks down in the Rocky Mountain region where 3 He/ 4 He values are high and contemporary crustal strain rates are near or below the limits of detection of GPS data. This corroborates studies (Wannamaker et al., 2008) that show that fluids migrate at a range of scales during ductile deformation through transient brittle vein and shear zone networks, and along grain boundaries.
Results
Fig
Seismic v P /v S ratios are sensitive to quartz, the weakest mineral commonly found in ductile crust and hence crustal composition may act to localize deformation (Lowry and Gussinve, 2011 , 1997; Newell et al., 2005) . One selection criteria for sampling and tabulating springs was to find carbonic springs with elevated CO 2 partial pressures. Springs reported here have P CO 2 of >10-100 times atmospheric values (10 −3.5 atm) and many have P CO 2 ∼ 10 0 (fluids equilibrated with a near pure CO 2 gas phase). Many of these springs host travertine deposits that also reflect high CO 2 content and persistent degassing for millions of years (Crossey et al., 2006) . Fig. 3 is a cross section of the Rio Grande rift that illustrates the proposed pathways for transfer of mantle volatiles. We infer that both He and CO 2 can be conveyed from the asthenosphere to the lithosphere via dike and sill networks that transmit basaltic melts and associated volatiles. Lithospheric shear zones also convey volatiles (Kennedy and van Soest, 2007) . Melt and heat transfer induces further melting of mantle lithosphere such that it is generally difficult to determine the extent to which mantle He is recently delivered from asthenosphere (last few million years; Kennedy et al., 1997) and/or can be mixed with stored subcrustal lithospheric mantle volatiles (Reid and Graham, 1996) . Likewise, CO 2 can be a mixture representing both young magmatic fluids and stored CO 2 (Humphreys et al., 2003) . Seismicity near the brittle-ductile transition both facilitates and is a symptom of upward ascent of volatiles. Empirical data suggest that endogenic fluid ascent is not uniform but occurs preferentially in permeable pathways as suggested by the distribution of springs and travertines along faults and near magma bodies. Mixing of endogenic fluids with epigenic fluids takes place cryptically in aquifers (Williams et al., 2013) , so travertine-depositing cool springs as well as geothermal springs are surface manifestations of variably mixed waters that carry a significant but difficult to quantify endogenic component.
The (Hilton, 1996; Sherwood-Lollar et al., 1997) .
Another method to help quantify the components of the CO 2 load uses water chemistry (Chiodini et al., 2004; Crossey et al., 2009) . First, the dissolved inorganic carbon (DIC) derived from carbonate dissolution in the aquifer is calculated (C carb = Ca + Mg-SO 4 ), defining remaining CO 2 as external carbon (C ext = DIC total − C carb ). Second, C isotopes are used to estimate soil/ organic contributions (C org ) versus the deeply-derived endogenic 
Geomicrobiology
The geomicrobiology of continental smokers offers considerable opportunity for the discovery and characterization of understudied microbial communities. Fluid-rock reactions determine the composition and distribution of metabolic niches in hydrothermal ecosystems such that the potential for variation within continental rocks is likely greater than in basalt/serpentinite/peridotite-dominated submarine systems. A microbial community survey was conducted on 28 cool and warm springs in the western U.S.A. in diverse geologic provinces that demonstrated differential mixing of deeply sourced fluids with shallowly circulated water (Colman et al., 2014) . The springs harbored diverse taxa, although the metabolically diverse Proteobacteria phylum dominated the dataset (81.2% of all bacterial 16S rRNA gene sequences recovered). Each spring's microbial community was largely distinct from others, but correlations between community composition and spring geochemical properties were observed. In particular, geochemical proxies for the amount of endogenic fluid input into springs correlated with taxonomic composition. Springs with lower endogenic fluid input (e.g. lower modeled equilibrium P CO 2 ) were represented by ubiquitously distributed freshwater heterotrophic taxa; springs with higher levels of P CO 2 contained a disproportionate number of taxa that could not be classified at the phylum level, as well as indicator taxa similar to 16S rRNA gene sequences from uncultivated Betaproteobacteria associated with iron-oxidizing biofilms. Springs with the highest levels of modeled P CO 2 also contained organisms related to the Zetaproteobacteria, which have previously only been detected in marine environments, predominantly in iron-oxidizing biofilms at warm vent sites on the ocean floor (Emerson et al., 2010) . Culture-independent analyses have elucidated large global distributions of the Zetaproteobacteria, but only a single species of the marine autotrophic iron-oxidizing species Mariprofundus ferrooxydans, containing four strains, has been characterized (Singer et al., 2011) . The newly characterized Zetaproteobacteria are stalkforming iron-oxidizing bacteria that play a major role in biogenic Fe(III) mineral formation in deep-sea hydrothermal vents (Emerson et al., 2010) , and have received considerable research attention for their role in open ocean biogenic Fe-oxidation.
A subset of the 28 springs analyzed in Colman et al. (2014) were chosen for more in-depth analyses because of their potential for harboring novel bacterial taxa. A spring group near San Ysidro, New Mexico with moderate levels of endogenic fluid input:
3 He/ 4 He up to 0.4R A , P CO 2 up to 0.93 (nearly pure CO 2 ), and moderately high values of geothermal Br, Li, and B was analyzed using both Sanger and 454 DNA pyrosequencing (Cron, 2011) . Bacterial community composition varied considerably, even among geographically close (within ∼1 km) springs (Fig. 4) . Mariprofundus-like taxa dominated the Twin Mound East spring (Surface and Deep samples; Fig. 4 and Table S2 ). The other three springs were dominated by other Proteobacteria taxa. One spring contained a minor (0.2%) Mariprofundus-like population, but was dominated by Betaproteobacteria that could not be classified beyond the rank of class. Further analysis of the single unclassified Betaproteobacteria OTU that constituted 56% of the bacterial 16S rRNA gene sequences in the spring indicated it was 98% similar to a 16S rRNA gene sequence from the microaerobic, autotrophic, iron-oxidizing Gallionella capsiferriformans strain ES-2 (Emerson et al., 2013) . The other two springs were dominated by photosynthesizing Cyanobacteria and heterotrophic taxa of the Gammaproteobacteria. Phylogenetic analysis of near full-length 16S rRNA genes from the spring group samples containing Mariprofundus-like populations indicated that the spring Zetaproteobacteria belonged to two monophyletic clades (TA_zeta_group1/2, Fig. 5 ). While the two clades were affiliated with the Zetaproteobacteria, they were distantly related to marine-vent associated uncultured clones and Mariprofundus isolates, and potentially represent new terrestrial-associated genera within the Zetaproteobacteria that are distinct from marineassociated relatives. The present study is the first published report of Zetaproteobacteria in a continental setting. The spring systems near San Ysidro, New Mexico provide a distinct hydrogeochemical environment that is necessary for the microaerobic chemolithoautotrophic niches employed by both the iron-oxidizing (FeOB) Zeta-and Betaproteobacteria found here (Emerson et al., 2010) . Although Zetaproteobacteria have been considered strictly marine iron-oxidizing and Betaproteobacteria strictly freshwater FeOB, our results indicate that continental spring ecosystems influenced by endogenic fluids provide important opportunities to expand the biodiversity, biogeographic and ecological context of iron-oxidizing bacteria. Further investigation of these populations may elucidate whether these continental Zetaproteobacteria groups exhibit novel physiological adaptations to their continental spring environments. We predict they will be found in other underexplored continental subsurface ecosystems and appreciably contribute to iron cycling in continental as well as marine systems. He in springs and groundwaters with both low mantle velocity domains and sharp gradients in mantle velocity suggest diffuse degassing even in areas away from active volcanic regions and plate margins. This is perhaps surprising given the thickness of continental lithosphere. The combination of widespread but spatially partitioned mantle degassing in the western U.S. leads us to a hypothesized conduit system similar to that shown in Fig. 3 involving basalt and volatile transfer from the mantle to the crust directly by melt transfer. The absence of correlations between 3 He/ 4 He and GPS-measured crustal deformation suggests that ductile lower crust need not be a barrier to volatile flux. Preferential intracontinental mantle degassing along structural boundaries (Basin and Range of Nevada, Wasatch Front of Utah, Rio Grande rift, and Rocky Mountains), as well as the association of travertinedepositing carbonic springs with faults, suggest that the upper crustal conduit systems involve deeply penetrating extensional fault networks.
Discussion
Conduits for volatiles
Influences of endogenic fluids on microbial communities
Significant correlations shown by Colman et al. (2014) between hydrochemistry (pCO 2 , [Mg] , C ext ) and microbial community composition suggests that the spring communities are influenced by endogenic fluid inputs that are carbonic, reduced, and high in salts and metals, for example [Mg] . Similar parameters have been shown Their evolutionary relatedness to chemolithotrophic iron-oxidizing isolates, M. ferrooxydans and Sideroxydans spp., which are found in marine and freshwater environments, respectively, are shown. Bolded red lineages were found at Twin Mound East and group with Beta-and Zetaproteobacteria. The 16S rRNA genes from characterized, cultivated isolates are indicated in italics. The 16S rRNA genes from uncultured, environmental Bacteria are indicated by their Genbank accession number, an 'uncultured' label and environment of origin. Two distinct Twin Mound East Zetaproteobacterial groups were present. Group 1 was within a larger Zetaproteobacterial group including uncultured, marine hydrothermal vent Zetaproteobacteria. Group 2 was more distantly related to all currently characterized Zetaproteobacteria. The presence of a Betaproteobacterial lineage (TA_deep_165) closely related to the iron-oxidizing, freshwater chemolithotrophic Sideroxydans genus highlights the potential for a diverse, functionally similar chemolithotrophic community present within a single spring. The confidence of 16S rRNA gene placement within this phylogenetic tree analysis (as given by bootstrap percentages of 100 replicate trees) is shown for values >50 as black dots (90-100%) or gray dots (50-90%). Bacterial groups with more than one representative are collapsed and shown as triangles. The Proteobacteria were rooted phylogenetically with Thermocrinis albus from the phylum Aquificae. The scale in the lower left shows expected number of substitutions per site as a measure of divergence between lineages.
to reflect degree of mixing with hydrothermal fluids in marine systems (Mottl and Wheat, 1994) where hydrochemistry is also highly correlated with diffuse vent microbial community composition at the Axial Seamount marine site (Opatkiewicz et al., 2009 ). C isotope analyses indicate that the high total dissolved inorganic carbon (DIC) in our springs is a mixture of C derived from dissolution of carbonate, soil/organic sources, and endogenic sources, but that endogenic sources often dominate (e.g. mean of 76% in Colorado hot springs; Karlstrom et al., 2013) . Even where the percentage of carbon derived from dissolution of carbonate is higher (e.g. a mean of 42% C carb in the carbonate aquifers of the Colorado Plateau; Crossey et al., 2009) , it is the high endogenic C component (33% C endo for the Colorado Plateau) that promotes the dissolution of carbonate in the aquifer and leads to formation of travertine at spring vents. Thus, the carbonic character of continental smokers, and their common association with travertine, are considered to be reflections of inputs ultimately derived from magmatic sources, as also supported by the 3 He/ 4 He ratios.
The increased concentrations of CO 2 and co-transported mantlederived gases and solutes such as H 2 , Fe +2 , H 2 S, CH 4 and S • promote reducing conditions and are available to be used metabolically by chemolithotrophs. These processes are similar to those at marine hydrothermal vents where chemolithotroph metabolic substrates are abundant due to the venting of deeply circulated sea water that has gained reduced chemical species from waterrock interactions (Jannasch and Mottl, 1985) . Colman et al. (2014) show a wide diversity of Bacteria and Archaea in five provinces in the western United States within springs that exhibit high endogenic fluid components. The heterogeneity in hydrochemistry and community composition among the springs support the general hypothesis that the extent and character of the endogenic fluid input is an important community structuring factor. Thus, the diverse microbial systems of continental smokers may bridge the ecological dynamics of surficial oxidized freshwater, reduced subsurface conditions, mesothermal, and hyperthermal springs, and even between marine and non-marine hydrothermal vent settings.
The results reported here contribute to the growing body of literature that suggests low-temperature continental springs and lakes sustained by deeply sourced fluids harbor distinctive microbial ecosystems (e.g. Antony et al., 2013; Suzuki et al., 2013; Crespo-Medina et al., 2014; Morrill et al., 2014; Meyer-Dombard et al., 2015) . These low-temperature systems hold promise for understanding novel biodiversity and the geobiological processes that are influenced by deep subsurface geologic processes. Hightemperature volcanically driven systems (marine and continental) provided the first insights into chemolithotrophically dominated ecosystems that are reliant on metabolic substrates derived from water-rock interactions (e.g. Hugenholtz et al., 1998) . The discovery of low-temperature, alkaline, serpentinite-hosted marine vents further widened the spectrum of microbially dominated ecosystems reliant on solutes and volatiles derived from deep subsurface processes and provide a low-temperature continental analog to serpentinite marine-hosted vents (Kelley et al., 2005) . Recent results from continental serpentinite-hosted systems (Suzuki et al., 2013; Crespo-Medina et al., 2014; Meyer-Dombard et al., 2015; Morrill et al., 2014) and saline and alkaline lakes, as well as springs, of the East African Rift (Antony et al., 2013; Dadheech et al., 2013) have documented distinctive continental low-temperature geobiological environments. Our work further shows that carbonic springs of the western U.S., rich with deeply-sourced fluids, can host microbial ecosystems that have been thus far underexplored, but hold promise for insight into the interaction of microorganisms and deeply-sourced fluids rich with reduced metabolic substrates for chemolithotrophy.
Conclusions
Continental smokers are vents that discharge mantle-derived fluids in extensional continental settings. They are analogous to marine smokers in heat and mass transfer via asthenospherelithosphere interactions, and they can support unique microbial metabolic strategies as well as ecosystem niche differentiation. A correlation of sharp mantle velocity gradients with high 3 He/ 4 He values suggests that volatiles may transit through narrow mantle conduits. Microbiological results from four springs in New Mexico document the first published occurrence of putatively chemolithotrophic iron-oxidizing Zetaproteobacteria in a continental setting. Future analyses of similar springs from tectonicallyactive regions worldwide have a rich potential to expand our understanding of continental biodiversity and the geobiological interactions of microorganisms and their subsurface-influenced environments.
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